A relatively stable enzyme system that converts versiconal hemiacetal acetate to versicolorin A was isolated from the soluble fraction of the homogenized cells of Aspergillusparasiticus ATCC 15517. The cell-free preparation did not require oxygen or oxidized nicotinamide adenine dinucleotide phosphate for activity, nor did it require dithiothreitol, polyclar (polyvinyl pyrrolidone), or glycerol for stabilization of activity. It was susceptible to inhibition by dichlorvos and cysteine. Isotope tracer studies revealed involvement of several intermediates in the conversion of versiconal hemiacetal acetate to versicolorin A. These findings confirm the biogenetic relationship of versiconal hemiacetal acetate and versicolorin A, and they confirm that the bisfuran ring structure in aflatoxins and related fungal metabolites is derived from the hemiacetal structure of versiconal hemiacetal acetate.
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Aflatoxin B1 (AFB,), a secondary metabolite of the fungus Aspergillusparasiticus, is a potent hepatotoxic and hepatocarcinogenic mycotoxin known to be associated with numerous veterinary outbreaks and elevated incidence of liver cancer in certain human populations (14) . It contains a unique bisfuran ring structure fused to a substituted coumarin moiety. The remarkable biological activity and molecular structure of AFB1 have prompted intensive studies on its biosynthesis in the past decade. During this time, the precursors and some of the intermediates in the pathway of AFBI biosynthesis were identified (13), and the effects of various environmental factors on its production were determined (9). However, only limited progress has been made in the study of the enzymatic reactions involved in the aflatoxin biosynthetic process. These enzyme systems, as is the case with the enzymes of fungal secondary biosynthesis in general, are difficult to prepare.
To date, three cell-free systems capable of converting certain precursors to AFBI have been reported (11, 12, 2). In one system (11), the radiochemical purity of the product was inadequately demonstrated; in another system (2), the enzyme activity was based on extremely low radioactivity in the product. The only system with unquestionable activity is the one converting sterigmatocystin to AFBI (12). Our recent effort has resulted in the isolation of an enzyme system that converts versiconal hemiacetal acetate (VHA) (4, 5) to versicolorin A (VLA) (Fig.  1 ). This is a crucial step in the formation of the unique bisfuran ring system, which is required for mutagenic activity of aflatoxin (15, 16 17) .
In this report, we present evidence of enzyme activity of a cell-free system that catalyzed the conversion of VHA to VLA and describe the intracellular distribution of the activity, the kinetics of the conversion, and some biochemical properties of this enzyme system.
MATERIALS AND METHODS
Chemicals. Pure ['4C]VHA was prepared by supplying sodium [1-'4C]acetate (0.33 Ci/mol, New England Nuclear Corp., Boston, Mass.) to the aflatoxinproducing culture of A. parasiticus in the presence of 10 ug of dichlorvos per ml, by the method of Yao and Hsieh (17) . The purity of VHA was confirmed by ultraviolet-visible, nuclear magnetic resonance, and mass spectroscopy. VLA was produced by A. parasiticus ATCC 36537 and purified as described by Lee et al. (8) .
Preparation of enzyme system. A. parasiticus ATCC 15517 was grown in 500-mJ,baffled conical flasks containing 100 ml of minimum mineral (MM) medium (1). Each buffer (pH 7.5), and vacuum-dried. A 5-g amount of the fresh mycelium was mixed with 7.2 g of glass powder (0.10 to 0.11 mm) and homogenized in 4 ml of the buffer with a motor-driven metal loop for 20 min in an ice water bath. The homogenate was filtered through a milk filter, and the filtrate was centrifuged with a Servall centrifuge (model RC-2B) at 20,000 x g for 20 min. The supematant was used as the cellfree preparation.
To determine subcellular localization of the enzyme activity, the crude cell homogenate was centrifuged at 1,500 x g for 30 min to remove cells and cellular debris. The supernatant was then subjected to differential centrifugation at 5,000 x g for 30 min and at 105,000 x g for 2 h (Beckman preparative ultracentrifuge, model L5-50).
Incubations. The incubation mixture was made up of 0.7 ml of the cell-free preparation and 0. Protein content of the cell-free preparation was determined by a modified Lowry method (10).
RESULTS
Enzymatic conversion of VHA to VLA. A typical cell-free preparation was capable of converting 10% of VHA to VLA in a 3-h incubation. No enzyme activity was observed when the preparation was preheated at 1000C for 10 min. The protein concentration of the cell-free preparation was about 1 mg/ml, thus giving an average specific enzyme activity of 1.3 x 10-11 mol of VHA converted per min per mg of protein. A time course study, analyzed by thin-layer chromatography and autoradiography, revealed that several intermediates might be involved in the conversion of VHA to VLA (Fig. 2) . The spot that moved faster than VLA on the thin-layer chromatography plate did not cochromatograph with any of the known aflatoxin intermediates. Under the experimental condition, the rate of conversion was linear for a period of about 3 h. When different enzyme concentrations were used, the conversion rate was proportional to the amount of enzyme used (Fig. 3) .
Localization of the enzyme system. Enzyme assays of the various fractions of the mycelial homogenate obtained from differential centrifugation indicated that about 95% of the total enzyme activity was localized in the 105,000 x g supernatant fraction. No other fractions contained more than 2.6% of the total enzyme activity.
Partial characterization of the enzyme system. No enhancement in enzyme activity was observed with the following treatments: presence of polycar or dithiothreitol during the preparation of the cell-free system, addition of glycerol to the enzyme mixture during incubation, or incubation of the enzyme mixture aerobically with nicotinamide adenine dinucleotide phosphate, reduced (NADPH) or oxidized (NADP+). Under anaerobic conditions, the conversion rate was reduced to about 50% of the aerobic system. Addition of NADP+ again produced no effect.
When air was introduced into the anaerobic reaction mixture, the enzyme activity was almost fully restored and the final conversion rate was similar to that of the control. The enzyme system was stable upon storage for 2 days at 22, 4, or -80°C. The enzyme system was very sensitive to inhibition by dichlorvos. At 10 ,ug/ml, dichlorvos inhibited 80% of the total enzyme activity. Cysteine was also inhibitory to the enzyme system; a complete inhibition was observed at a concentration of 13.5 mg/ml.
DISCUSSION
The results provide clear evidence for an enzymatic conversion of VHA to VLA. The activity of the cell-free preparation disappeared upon heating; the rate of conversion increased proportionally with the amount of cell-free preparation; and the enzyme activity was present almost exclusively in the 105,000 x g supernatant fraction that is free of any residual intact cells. The localization of enzyme activity in the 105,000 x g soluble fraction confinms the prediction that aflatoxin biosynthesis occurs extramitochondrially (7).
The efficient enzymatic conversion of VHA to VLA confirms our previous finding that VHA is an intermediate in the aflatoxin biosynthesis. Previously, we have proposed a scheme for the formation of VHA from averufin (5); we now further propose a mechanism for the conversion of VHA to VLA, i.e., the formation of the bisfuran ring structure (Fig. 4) . The first step involves the hydrolysis of the ester bond in VHA with elimination of the acetyl group. The terminal hydroxyl group is then oxidized to the aldehyde form and ring closure follows, resulting in the hemiacetal structure. Elimination of a water molecule leads to the final bisfuran ring structure of VLA. It is, however, not known if all the above steps are enzyme-catalyzed reactions. If they are, the enzyme system isolated is probably a complex containing several enzymes.
The enzyme system described herein, being stable and easy to prepare, could serve as an 
